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Abstract 
Excessive training loads have been identified as a risk 
factor for injury among athletes, although psychological 
monitoring may help to ameliorate this risk. As part of 
an investigation of injury prevention, the present study 
assessed relationships between perceived stress and 
recovery, mood responses, and physical training load for 
60 athletes (male = 31, female = 29) from basketball, 
golf, hockey, and rowing over a period of up to 16 
weeks. Training duration and ratings of perceived 
exertion (RPE) were recorded daily while the Brunel 
Mood Scale, the Perceived Stress Scale, and the 
Recovery-Stress Questionnaire for Athletes (RESTQ) 
were completed weekly. Training load was calculated as 
training duration x RPE. Collectively, psychological 
indices predicted 24.3% of training load variance. Best 
predictors were RESTQ scores for physical complaints, 
success, social recovery, physical recovery, emotional 
exhaustion, and self-efficacy. Younger athletes reported 
more positive mood responses, less perceived stress and 
more positive RESTQ scores. Females reported higher 
training loads, more positive RESTQ scores, and more 
positive mood responses. Type of sport differences were 
identified for almost all psychological indices. Results 
showed that psychological indices are reflective of 
training load and may play an important role in injury 
prevention. 
Introduction 
Previous research has highlighted the generally high 
incidence of injury among elite athletes (see Van 
Mechelen, Hlobil, & Kemper, 1992). As an example, at 
the Queensland Academy of Sport (QAS) which 
supports more than 600 athletes across 20 sports, 
roughly 67% of athletes are injured each year with 
about 18% injured at any one time (Galambos, Terry, 
Moyle, & Locke, 2005). Given the cost of injuries, 
including the detraining associated with time away from 
sport and the expense of rehabilitation, injury 
prevention and management is, understandably, a 
priority area of research at the QAS Centre of 
Excellence for Applied Sport Science Research.  
    The contribution of psychological factors to injury is 
intuitively appealing in the context of elite sport. 
Characteristically, elite athletes engage in physical 
activity that stretches their adaptive capacity to the 
upper boundaries provided by psycho-physiological 
tolerance. Although many risk factors for sport injury 
are physical in nature, such as anatomical 
predispositions, suboptimal playing equipment or 
surface and biomechanical faults, which combine with 
rare or random events during competition or practice to 
cause acute injury, it appears very likely that injury risk 
is increased by the cumulative effect of psychological 
stressors experienced by athletes.  
    An influential model of stress and sport injury was 
first proposed by Andersen and Williams in 1988 and 
extended by Petrie and Perna in 2004. According to the 
model, acutely stressful situations in sports such as  
intense practice or competitions, interact with athletes’ 
history of stressors (e.g., life event stress, daily hassles, 
past injury history), personality characteristics (e.g., 
hardiness, locus of control, sense of coherence, 
competitive trait anxiety, achievement motivation, 
sensation seeking), and coping resources (e.g., general 
coping behaviours, social support, stress management 
mental skills, and medication) to produce a stress 
response. The core argument of the model is that 
athletes with high historical stressor load, personal 
dispositions that amplify the stress response, and 
insufficient coping resources will tend to appraise the 
immediate situation as more stressful and exhibit 
greater psycho-physiological arousal and attentional 
disruptions than those with the opposite psychosocial 
profile. Increased stress reactivity of at-risk athletes is 
the proposed mechanism that causes heightened injury 
vulnerability. Petrie and Perna suggested the addition of 
intense exercise as an stressor as it may serve to widen 
the window of susceptibility for injury or illness 
through the effects of stress hormones (Perna, Antoni, 
Baum, Gordon, & Schneiderman, 2003). In other 
words, the stress response should be viewed as an 
additive entity that is influenced not only by 
psychosocial and acute competition stressors, but also 
by the interaction of these with the physiological 
stressor effects of high volume and intensity and/or 
prolonged training customarily required of elite 
athletes.  
    A major challenge for athletic trainers is to structure 
stress and recovery cycles to yield optimal performance 
increments for the athlete without producing negative 
outcomes, such as overtraining, burnout or overuse 
injuries (Kellmann, 2002; Kenttä & Hassmén, 1998). 
Although the significance of optimal training load in 
the stress – injury process is generally accepted, there is 
only limited empirical evidence of the link between 
training load and psychological indices. In particular, it 
is unclear which psychological variables are most 
responsive to physical training demand, which specific 
measures are appropriate for monitoring training-
induced fluctuations, and whether a dose response 
occurs, whereby progressive additions to training load 
are associated with incremental decrements in a range 
of psychological responses. The present study 
addressed these areas of limited evidence. 
Method 
Participants 
Participants were 31 male and 29 female athletes from 
the sports of basketball (n = 12), golf (n = 7), hockey (n 
= 14), and rowing (n = 27), ranging in age from 15 – 29 
years (M = 19.3 ± 2.0). All participants competed at 
least at a national level and were involved in intensive 
physical training.  
 
Measures 
Training load Participants provided daily reports of the 
duration (minutes) of their training activities, and also 
rated the perceived exertion (RPE) of each training 
session. RPE (Borg, 1998) is a very commonly used 
indicator of exercise intensity. Duration x RPE was 
used as the index of training load. 
 
Psychological indices Hypothesised psychological 
correlates of training load were assessed weekly using 
the Brunel Mood Scale (BRUMS: Terry, Lane, & 
Fogarty, 2003; Terry, Lane, Lane, & Keohane, 1999), 
the Perceived Stress Scale-10 (PSS-10: Cohen, 
Kamarck, & Mermelstein, 1983) and the Recovery 
Stress Questionnaire for Athletes (RESTQ: Kellmann & 
Kallus, 2001). The BRUMS is a 24-item, self-report 
measure of six, 4-item subscales (anger, confusion, 
depression, fatigue, tension, vigour). The PSS-10 is a 
10-item, self-report inventory that assesses the degree 
to which respondents have found their lives stressful. 
The 52-item version of the RESTQ was used, a self-
report measure of stress and recovery states with 12 
general and 7 sport-specific stress and recovery scales. 
A “past week” response timeframe was used for all 
three measures. Alpha coefficients for all indices met 
conventional requirements. 
 
Procedure 
Written informed consent was obtained from all 
participants or parents/guardians. Data were collected 
over a 16-week period. All participants were supplied 
with weekly data packages, which they completed and 
handed direct to the research team or returned by post. 
Results 
Data were checked for missing values, distributional 
properties, and assumptions underlying the statistical 
procedures used. Athletes who reported no physical 
training for some weeks were excluded from analyses 
related to those weeks. Six participants were identified 
as outliers on the training load variable for specific 
weeks. Their data for those weeks were also omitted. 
Data from 791 training weeks, an average of 13.2 
weeks per participant, went forward for analysis. Given 
the large dataset and the high number of dependent 
variables (DVs), alpha level was adjusted to .002 (.05 ÷ 
27 DVs) to avoid family-wise errors. 
Descriptive statistics for psychological indices are 
shown in Table 1. Compared to published norms (Terry 
et al., 2003) mean BRUMS scores were at or above the 
50th percentile (anger = 69%, confusion = 55%, 
depression = 62%, fatigue = 64%, tension = 50%, 
vigour = 52%), indicating that training loads were 
sufficiently high to be associated with mood 
decrements. However, it should be noted that the 
published norms for the BRUMS are for a “right now” 
response timeframe. The mean score for the PSS-10 in 
the present study fell at the 54% percentile on QAS-
specific norms (Galambos et al., 2005). Published 
norms for the RESTQ are not available. Weekly 
training duration ranged from 35 minutes to 30 hours 20 
minutes, with a mean of 10 hours 6 minutes. 
Table 1: Descriptive statistics of psychological indices 
and training load for 60 athletes over 16 weeks. 
 
Source  M SD 
Training 8128 5131 
PSS-10 14.3 6.4 
BRUMS   
 Anger 3.8 2.9 
 Confusion 3.2 3.0 
 Depression 2.8 3.0 
 Fatigue 6.7 3.6 
 Tension 4.4 3.2 
 Vigour 9.1 2.9 
RESTQ   
 General Stress 1.3 1.2 
 Emotional Stress 1.6 1.0 
 Social Stress 1.6 1.0 
 Conflicts/Pressure 2.0 1.2 
 Fatigue 2.0 1.4 
 Lack of Energy 1.7 1.0 
 Physical Complaints 1.4 0.9 
 Success 2.7 1.0 
 Social Recovery 3.7 1.3 
 Physical Recovery 2.8 1.1 
 General Well-Being 3.4 1.2 
 Sleep Quality 3.6 1.2 
 Disturbed Breaks 1.2 1.0 
 Emotional Exhaustion 1.5 1.2 
 Injury 2.2 1.2 
 Being in Shape 2.9 1.1 
 Personal Accomplishments 2.8 1.2 
 Self-Efficacy 2.9 1.2 
 Self-Regulation 3.0 1.3 
Note. Training = training duration x RPE. 
 
Correlation analysis showed associations between 
training load and psychological indices. Higher training 
load was associated with disturbed mood for anger (r = 
.18, p < .001), depression (r = .15, p < .001), and 
fatigue (r = .20, p < .001) scores. Negative RESTQ 
scores were associated with higher training loads for 
emotional exhaustion (r = .31, p < .001), disturbed 
breaks (r = .23, p < .001), injury (r = .23, p < .001), 
fatigue (r = .18, p < .001), emotional stress (r = .17, p < 
.001), social stress (r = .16, p < .001), general stress (r = 
.15, p < .001) and lack of energy (r = .14, p < .001). 
Statistical relationships accounted for up to 9.6% of 
variance. 
When multivariate analyses were conducted a 
somewhat different picture emerged. Using multiple 
regression analysis, psychological indices collectively 
predicted 24.3% of the variance in training load. The 
best predictors of training load were RESTQ scores for 
physical complaints (ß = -.25, p <.001), success (ß = -
.24, p <.001), social recovery (ß = -.23, p <.001), 
physical recovery (ß = .17, p =.001), emotional 
exhaustion (ß = .16, p =.002), and self-efficacy (ß = .20,  
p =.002). 
 
Effects of Gender 
Gender comparisons were conducted using single-factor 
MANOVA (Wilks27,719 = .73, p < .001). Results are 
shown in Table 2. Overall, gender accounted for 27.3% 
of the variance. Compared to males, females reported 
higher training loads, generally more desirable stress 
and recovery scores, and more positive mood responses.  
 
Effects of Age 
Age was significantly correlated with most of the 
psychological indices. Generally, younger athletes 
reported more positive mood responses, less perceived 
stress and more positive RESTQ scores. Older athletes 
tended to report higher training loads. 
 
Effects of Type of Sport 
Type of sport differences were identified for almost all 
psychological indices. Generally, basketball players 
reported the most positive psychological profiles, 
followed by golfers and hockey players, with rowers 
reporting the most negative profiles. Conversely, 
rowers reported the highest training load (M = 10694 ± 
4893), followed by golfers (M = 9329 ± 4042) and 
basketball players (M = 4538 ± 3118), with hockey 
players recording the lightest load (M = 3866 ± 2461).  
 
Dose Response of Training Load 
Training weeks were grouped into high, high-moderate, 
moderate-low, and low training loads, using a quartile 
split. Discriminant function analysis showed that 
training weeks could be correctly classified into training 
load categories on the basis of psychological indices 
with 46.3% accuracy (χ2 = 262.7, p < .001), compared 
to the 25% accuracy expected by chance. Accuracy of 
classifications was superior for high (53.4%) and low 
(59.4%) training weeks than for weeks of moderate 
training load. RESTQ scores, in descending order, for 
emotional exhaustion, success, emotional stress, 
physical complaints, and personal accomplishments 
contributed most to the correct classifications. Figure 1 
shows a progressive increase in BRUMS anger, 
depression, and fatigue scores across the four training 
load categories, suggesting a dose response of training 
demands on mood disturbance. Figure 2 shows an even 
clearer pattern of increasing stress and under-recovery 
associated with higher training loads, on those RESTQ 
variables for which a significant effect was evident. 
Discussion 
Results confirm that psychological indices are 
reflective of training load among athletes. This finding 
is consistent with previous investigations (e.g., Morgan, 
Brown, Raglin, O’Connor, & Ellickson, 1987; Morgan, 
Costill, Flynn, Raglin, & O’Connor, 1988). Participants 
completed a substantial training load, averaging more 
than 10 hours, and up to 30 hours, per week. Reported 
psychological responses exceeded normative values for 
negative indices and showed a clear association 
between high training load, under-recovery, stress 
responses, and mood disturbance. Gender, age, and type 
of sport were shown to moderate psychological 
responses to training load.  
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Figure 1: BRUMS scores by training load categories 
 
 
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
2.4
2.6
Low Low-Mod Mod-High High
Training Load
R
ES
T-
Q
 S
co
re
General stress Emotional stress Social stress Lack of energy
Disturbed breaks Emotional exhaustion Injury
 
Figure 2: RESTQ scores by training load categories 
 
    A dose-response relationship was suggested, 
whereby negative psychological indices increased 
progressively as training load moved from low, to low-
moderate, to moderate-high, to high. As a potential 
monitor of stress and under-recovery, the RESTQ was 
shown to be a sensitive measure, including the 
subscales of disturbed breaks, injury, fatigue, emotional 
stress, social stress, general stress, lack of energy, 
physical complaints, success, social recovery, physical 
recovery, emotional exhaustion, and self-efficacy. The 
BRUMS also showed sensitivity as a mechanism for 
monitoring emotional disturbance in response to high 
training load, whereas the PSS-10 showed no 
significant variation associated with training load.  
 
Table 2: Gender comparisons of psychological indices 
and training load for 31 male and 29 female athletes. 
 
Source  Male 
M 
 
SD 
Female 
M 
 
SD 
F 
Training 7538 4705 8698 5457   9.7* 
PSS-10 14.3 6.4 14.2 6.4   0.1 
BRUMS      
 Ang 4.1 3.2 3.5 2.5   9.2 
 Con 3.7 3.1 2.8 3.0 16.2* 
 Dep 3.1 3.3 2.5 2.7   7.5 
 Fat 6.7 3.5 6.7 3.8   0.1 
 Ten 4.8 3.3 4.0 3.0 13.0* 
 Vig 8.9 2.9 9.3 2.8   3.8 
RESTQ      
 GenStr 1.3 1.1 1.4 1.2   3.7 
 EmoStr 1.6 1.1 1.5 0.9   1.2 
 SocStr 1.6 1.1 1.6 1.0   0.1 
 ConPre 2.1 1.2 2.0 1.2   3.1 
 Fatigue 1.8 1.3 2.1 1.5   6.3 
 LackEn 1.8 1.1 1.5 0.9 12.6* 
 PhCom 1.5 1.0 1.3 0.9   9.1 
 Success 2.7 1.0 2.7 1.0   0.7 
 SocRec 3.5 1.1 3.9 1.4 18.5* 
 PhyRec 2.7 1.0 2.8 1.2   0.3 
 GenWel 3.2 1.2 3.6 1.2   8.5 
 SleQual 3.5 1.2 3.8 1.2 17.5* 
 DisBre 1.5 1.0 1.0 1.0 41.9* 
 EmoEx 1.6 1.2 1.4 1.1   6.4 
 Injury 2.2 1.1 2.2 1.3   0.8 
 BeiSha 2.8 1.1 3.0 1.1   1.7 
 PerAcc 2.6 1.1 2.9 1.4   9.2* 
 SelEff 2.9 1.2 2.9 1.2   0.1 
 SelReg 3.0 1.3 2.9 1.3   2.3 
Note. Training = training duration x RPE, Ang = anger, 
Con = confusion, Dep = depression, Fat = fatigue, Ten 
= tension, Vig = vigour, GenStr = general stress, 
EmoStr = emotional stress, SocStr = social stress, 
ConPre = conflicts/pressure, LackEn = lack of energy, 
PhCom = physical complaints, SocRec = social 
recovery, PhyRec = physical recovery, GenWel = 
general well-being, SleQual = sleep quality, DisBre = 
disturbed breaks, EmoEx = emotional exhaustion, 
BeiSha = being in shape, PerAcc = personal 
accomplishment, SelEff = self-efficacy, SelReg = self-
regulation. *p ≤ .002. 
 
    In contrast to voluntary exercisers, the very high 
training loads reported by athletes in the present study 
tend to be undertaken because they are deemed to be 
necessary to succeed rather than because they might 
contribute to psychological well-being. Although it is 
very well established that exercise can provide 
psychological benefits for participants, it is equally 
clear that excessive exercise carries risk of 
psychological harm. The present results suggest that the 
line between benefits and potential harm may have been 
crossed for some of the athletes involved in intense 
training. Given the clear association between training 
load and psychological indices in the present study, 
monitoring of psychological responses among athletes 
in intense training may have an important role to play in 
the prevention of injury and/or psychopathology 
associated with excessive training. 
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